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NASA’s ASCENDS Mission 

Why lidar ?
• Measures at night & all times of day

• Measurements at high latitudes & continuous over oceans

• Constant nadir/zenith path

• Illumination = observation path

• Measure through broken clouds & to cloud tops

• Very high spectral resolution and accuracy

For more information, see
2008 Workshop report:

http://cce.nasa.gov/ascends/index.htm
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Laser Sounder Approach for ASCENDS Mission 

Simultaneous laser measurements:

1. CO2 lower tropospheric column
One line near 1572 nm

2. O2 total column (surface pressure)
Measure 2 lines near 765 nm

 Altimetry & atmospheric backscatter
profile from CO2 signal:

Measurements use:
• Pulsed lasers
• ~10 KHZ pulse rates
• 8 laser wavelengths for CO2 line
•Time resolved Photon counting receiver

CO2 & O2 column measurements:
• Pulsed signal approach :

• Isolate full column signal from surface

• Reduces noise from detector & solar background

• Time of flight provides column length

~450 km polar orbit

CO2: 1572 nm

O2: 765 nm

Target: ~ 1ppmV in ~100 km
along track sample

Need ~0.2% measurements of
CO2 & O2 columns in  ~10 sec
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CO2 Band, Line Sampling & Vertical
Weighting Functions

Primary 
Online:
 Midpoint 

2ndary 
Online:

 Near Peak 
Multi-wavelength Line Sampling allows:

• Detection & correction of Doppler & λ errors

• Modeling & reducing errors from varying λ response

• CO2 retrievals for lower & upper troposphere

• Line shape information
Total Column from area of line

Space lidar: 8 wavelength samples across
line

Increasing
CO2 Column

Density
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 Less sensitivity to
atmospheric
temperature

 Greater sensitivity
to atmospheric CO2
amount

+1K at 10-13.7 km

+1K at 5-7 km

+1K at 0-2 km

+1 PPMV total column

+1% CO2 at 0-2 km

1572.33 nm line is well suited for measurement
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Why use pulsed lasers & range resolution ?
Atmospheric Scattering

• Thin cirrus clouds are quite prevalent, βπ varies with λ

• Cloud reflections shorten average optical path -> bias non-gated column estimates

• Cirrus cloud scattering ->  4-10 ppm errors in non-range gated measurements

• Pulsed lasers & range gating eliminate these errors

 Cirrus clouds:
Reflect signal in shorter path to cloud
Attenuate signal from surface

 Cirrus clouds
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Pulsed Airborne  CO2 Sounder Lidar
on the NASA Glenn Lear-25

Experiment Team in Ponca
City OK, USA

Nadir port showing transmit
and receiver windows

Flights on Lear 25:
Oct & Dec 2008

July & August 2009
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Pulsed Airborne CO2 Lidar

2009 Parameters:

Laser peak power:          24 watts (24 uJ/pulse) Laser divergence angle:       100 urad
Laser: DFB diode laser, AOM, Fiber amplifier CO2 line:                  1572.33 nm
Wavelength scans:        20 wavelengths, 450 Hz Receiver FOV:          200 urad
Telescope diameter:      20 cm Receiver optical bandwidth: 0.8 nm
Receiver transmission: 65%* Detector quantum efficiency: 2 %
PMT dark count rate:   ~ 550 kHz Receiver range bin size:         8 nsec
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Checkout on ground
Ponca City Airport, OK

1. Cessna
(DOE in-situ CO2 sensor)

2. Twin Otter
(JPL 2 um lidar)

3. Lear-25
(GSFC CO2 Sounder lidar)

4. UC-12
(LaRC/ITT Lidar, LaRC in-situ)

Coordinated Airborne Experiments to
Measure CO2 column densities to support

ASCENDS Science Mission Definition
(August 2009)

Ed Browell photos
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Examples of Measurements through 2 Cloud layers
(cloud, cloud, ground echo pulses)

Absorption line shapes:
to clouds - thinner, less deep
to ground - broader & deeper

Expanded view of 1st echo
pulse group in sequence

mid level cloud echo
ground echo

Echoes from thin cloud just under aircraft

CO2 line
absorption
region

(Raw measurements
uncorrected for τsys (λ) )

Nadir Camera Image for Measurement

Ranges & scattering
Profiles from times of
Flight of pulses
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Examples of Line shapes vs Altitude
North Carolina Flight - August 17, 2009

• Depth increases with altitude
• Smooth line shapes at all altitudes !
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Line Optical Density & # Density vs Altitude
North Carolina Flight - August 17, 2009

• Mean Optical Depths from line fits to CO2
Sounder measurements
• # Densities calculated from LaRC in-situ
sensor and radiosonde readings

• 4 papers on 2009 CO2 & O2
measurements at 25th ILRC conference,
St. Petersburg, Russia, July 2010.
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Airborne Experiments to Measure CO2 Column Densities to Support
ASCENDS Mission Definition;  July 5-18, 2010

GSFC instrumentLaRC/ITT instrument JPL/LMCT instrument

Objective: Measure & compare CO2 column densities over various topographic
targets with developmental lidar candidates for the ASCENDS mission

• Multi-functional Fiber Laser Lidar
(MFLL)

• Ed Browell/LaRC, Team Leader
• Instrument development via ITT IRAD,

NASA AITT funding, LaRC IRAD

• CO2 Sounder lidar with O2
measurement experiment

• Jim Abshire/GSFC, Team Leader
• Instrument development via NASA

ACT & IIP programs, GSFC IRAD

• CO2 laser absorption spectrometer (CO2LAS)
• Gary Spiers/JPL, Team Leader
• Instrument development via NASA ACT, IIP &

AITT programs, JPL IRAD

5 science flights over different regions & topography
Altitudes: 3-13 km (in ~3 km steps),+ spiral to near surface
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CO2 Sounder:  July 2010, NASA DC-8 configuration

Lidar window assembly
(Outside of DC-8 Port 9)
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O2 absorption measurements from laboratory

Distance to target: 1.5 km
Target illuminated by
green alignment laser

B33 Room F411
“Truth:” Weather
station on top of B33

Airborne O2 Lidar Parameters:
• Diode laser Wavelength: 1529 nm
• Amplifier: NP Photonics EDFA
• Output Wavelength: 764.5 nm
• Output Energy: ~2 uJ/pulse
• Detector: Si APD SPCM
• Scan over the absorption with 40
Pulses (selectable) at 250 Hz
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Initial Airborne lidar Measurements of O2 line & column absorption
Calculated O2 line shape vs altitude

Pacific Ocean Flight 
July 14, 2010 

Bill Hasselbrack & Mike Rodriguez at CO2 (left) & O2
lidar (right) controls on NASA DC-8 during July 2010
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2.4 km (8 kft) 3.66 km (12 kft)

6.1 km (20 kft) 9.1 km (30 kft)

Airborne lidar Measurement of O2 line column absorption
made on July 14, 2010 over Pacific Ocean

• 1st measurements, Initial look at data, Little processing, Not yet calibrated
• Laser energy ~2 uJ/pulse, Ave laser power ~10 mW, 20 sec averaging
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Summary of 2 Space Lidar Studies

Layout concept from 1st study

• Conducted studies of this approach for ASCENDS space lidar:  4/08 & 9/09

• Straightforward space lidar design:

• Mass: ~ 400 Kg

• Power: ~ 850W (with 3dB margin); driven by SNR needs

• Data rate: ~1.9 Mbit/sec

• Low risk: Space qualified telescope, O2 detectors

• Detectors:  reliability via multiple detectors & spares.

• Primary power draw: lasers

• Lasers: high efficiency & reliability

• Mission compatible with medium class rocket

(Taurus-II or equivalent), with considerable margin

• Can be further optimized in future studies
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       Space:  SNR & Relative Measurement Errors
(10 seconds observing time, 500* km orbit, 1.5m telescope)

CO2 column measurement           O2 column measurement

Rel Measurement Errors scale as (laser pulse energy)-1 *(T) -1/2

 ~ 3 mJ/pulse energy (HgCdTe detector*) ~ 3 mJ/pulse energy (SPCM detector)
              6 mJ energy from 1530 nm amp, 50% doubling

Ave optical power ~25-30W            Ave optical power ~25-30 W
* - Same performance at 3 mJ/pulse with PMTs at 400 km orbit
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Laser Power Scaling to 3-6 mJ/pulse
1. High SBS-threshold  Er/Yb co-doped phosphate glass fiber amplifier

SBIR (-1 & -2)  with NP Photonics (Wei Shi,PI)

• High SBS-threshold, SM, PM, high power
amplifiers using NP Photonics large core
SINGLE-MODE PM highly Er/Yb co-
doped phosphate fibers

• Develop amplifier prototypes/products:
50µJ, 100s µJ and mJ.

• Push the SBS threshold to 100s kW.

2. Amplifier R&D
Planar Waveguide Amplifiers

Planar waveguides allow guided mode
amplification with much larger areas

=> higher peak powers & energies
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Summary

CO2 Sounder approach for ASCENDS:

• CO2 and O2 measurements:

• Line shape & column heights

• 2 altitude weighting functions

• Pulsed lasers & multi−λ samples:

    Robust against instrument errors

    & atmospheric scattering

• Airborne column measurements:

CO2 in 2008, 2009, 2010

O2 (1st time) in 2010

• Laser components needed are practical

• 1st Mission simulations show meets science

needs, more are being carried out

• ASCENDS launch scheduled for 2019

More Information (papers in Tellus-B) ->




